During auditory language comprehension, listeners need to rapidly extract meaning from the continuous speech-stream. It is a matter of debate when and how contextual information constrains the activation of lexical representations in meaningful contexts. Electrophysiological studies of spoken language comprehension have identified an event-related potential (ERP) that was sensitive to phonological properties of speech, which was termed the phonological mismatch negativity (PMN). With the PMN, early lexical processing could potentially be distinguished from processes of semantic integration in spoken language comprehension. However, the sensitivity of the PMN to phonological processing per se has been questioned, and it has additionally been suggested that the "PMN" is not separable from the N400, an ERP that is sensitive to semantic aspects of the input. Here, we investigated whether or not a separable PMN exists and if it reflects purely phonological aspects of the speech input. In the present experiment, ERPs were recorded from healthy young adults (N =24) while they listened to sentences and word lists, in which we manipulated semantic and phonological expectation and congruency of the final word. ERPs sensitive to phonological processing were elicited only when phonological expectancy was violated in lists of words, but not during normal sentential processing. This suggests a differential role of phonological processing in more or less meaningful contexts and indicates a very early influence of the overall context on lexical processing in sentences.
Introduction
One of the remarkable characteristics of human speech comprehension is its speed. Humans are able to recognize spoken words at a rate of at least three words per second, and listeners can extract meaning from ongoing speech with little delay. This capability requires that speech comprehenders rapidly map the incoming speech signal onto representations of words and their meanings in the mental lexicon. Furthermore, comprehenders must relate this in real time to the ongoing context being built up by the preceding word, sentence or discourse.
To accommodate the speed of spoken language comprehension, many models have proposed that processing spoken words presented in isolation starts immediately from the very first meaningful sound(s) or phoneme(s) (Goldinger et al., 1989 (Goldinger et al., , 1992 Marslen-Wilson, 1987 Marslen-Wilson and Welsh, 1978; McClelland and Elman, 1986; McQueen et al., 1994; Norris, 1994; Norris et al., 1995 Norris et al., , 2000 . The degree of activation of a particular lexical candidate directly reflects the goodness-of-fit between stored form information and the acoustic input at that point in time. This leads to the graded activation of multiple lexical representations that partially match the word initial phoneme(s) (i.e., lexical access). The activated lexical candidates compete with each other for recognition (e.g., Norris et al., 1995) . As more acoustic information becomes available, the number of activated lexical representations is narrowed down to the item that best matches the input, and a representation of the word that was heard is chosen (i.e., lexical selection). Lexical selection of a word presented in isolation can only be completed at the point where the acoustical input of this word is uniquely differentiated from that of its competitors -the isolation point (compare for example: captain and capitol).
However, most of the time words are not processed in isolation, but in the context of sentences or discourse. It is a matter of much debate at what point in time context starts to exert an influence on the incoming speech signal. Whereas some models propose that the incoming speech signal is initially processed independent of context (e.g., Norris, 1994) , other models suggest that there is an early or immediate interaction between context and the speech input (McClelland and Elman, 1986) . A number of behavioral studies have shown that context starts to exert an influence very early during the process of word recognition, such that less acoustical information is needed and lexical selection can occur before the word can be uniquely distinguished from its competitors (e.g., Zwitserlood, 1989) . But, the ultimate goal of the listener is to comprehend the meaning of spoken words in their context, which requires integration into a higher order meaning representation of the whole utterance (i.e., lexical integration).
Behavioral studies of spoken word recognition
Behavioral studies of spoken word recognition in lists have manipulated the phonological relationship between primes and targets, both in unimodal and cross modal priming paradigms. The phonological overlap in these studies has been in final parts of the word (rhyme priming, e.g., task-mask; factor-tractor) or at word onsets (alliterative priming, e.g., chap-chat; captaincapitol); other studies have manipulated phoneme overlap between items that that did not rhyme or alliterate.
Targets that rhyme with their primes are recognized more quickly than non-rhyming targets (e.g., Donnenwerth-Nolan et al., 1981; Emmorey, 1989; Monsell and Hirsh, 1998; Praamstra et al., 1994; Radeau et al., 1998; Shulman et al., 1978; Slowiaczek et al., 2000) . This effect has been found in many studies and across many paradigms, but not in cross modal paradigms (Cutler et al., 1999; Radeau et al., 1995) . This suggests that this effect may be pre-lexical, although a recent study (Norris et al., 2002) observed that rhyme priming may have both strategic and automatic components.
Alliterative priming effects are not as robust as rhyme priming effects. Some studies have suggested that alliterative priming only occurs when phonological aspects of word processing are strategically important (Goldinger et al., 1992) . Other studies have shown inhibition of alliterating target words when the amount of onset overlap between prime and target words increases (Slowiaczek and Hamburger, 1992; Dufour and Peereman, 2003) . This inhibition effect is strongest when strategic effects are least likely to develop and is therefore considered to be a reflection of automatic aspects of word recognition, more specifically the effects of lexical competition between simultaneously activated lexical candidates.
Some behavioral studies of sentence comprehension have also investigated when and how the speech-driven activation of phonological form representations begins to interact with contextually driven semantic information. These studies have focused on the onsets of words to identify when sentential context starts to influence word processing. The main question here is whether semantic context can activate phonological form representations without support from the actual speech input, or, alternatively whether the presence of this context can reduce the amount of speech input that is needed to recognize the actual word that was heard.
The majority of these studies have used a cross modal paradigm, where an auditorily presented sentence context was paired with a visually presented probe. The probe word was presented with the relevant target word in the sentence and was presented either before or after the isolation point of the target word. A key finding in this literature has been that sentential semantic context can facilitate the processing of the contextually appropriate candidate before the isolation point but does not preclude the activation of contextually inappropriate word candidates (Zwitserlood, 1989) . Zwitserlood concluded that these data are consistent with the idea that sentential context can influence word processing at the level of lexical selection, but others have argued that this influence is during lexical integration processes (Marslen-Wilson, 1987; Gaskell and Marslen-Wilson, 2001 ). Gow and Gordon (1995) have further shown that the clarity of the articulation of the speech signal may influence which lexical candidates are activated and that ambiguity of the signal can sometimes lead to activation of candidates that were not intended by the speaker (compare for example tulips vs. two lips).
ERP studies of spoken word recognition
Relatively few event-related potential (ERP) studies have investigated the influence of word or sentential context on the process of spoken word recognition (Connolly and Phillips, 1994; Friederici et al., 2004; Friedrich et al., 2004; Hagoort and Brown, 2000; Praamstra et al., 1994; Radeau et al., 1998; Van den Brink et al., 2001 Van den Brink and Hagoort, 2004; Van Petten et al., 1999) . These studies supported the findings of behavioral studies and have found electrophysiological evidence for a very rapid influence of context on spoken word processing. This effect is manifested as an early N400 or, possibly, as a separable ERP component sensitive to early aspects of spoken word recognition.
The discovery of the N400, first reported by Kutas and Hillyard (1980) , allowed electrophysiological research of language to rapidly develop. The N400 is a negative polarity ERP component that peaks approximately 400 ms post-word onset, and it is maximal over posterior scalp sites (Kutas and Hillyard, 1980) . The N400 has been related specifically to semantic aspects of the input and has been found independent of modality of input, being present for written, spoken and signed language (e.g., Holcomb and Neville, 1991; Kutas and Hillyard, 1980; Kutas et al., 1987; Neville et al., 1997) . It has been proposed that the amplitude of the N400 effect is modulated as a function of the ease with which the meaning of a word can be integrated with a higher order representation of the preceding word, sentence or discourse context. For example, the amplitude of the N400 is reduced to words that can be more easily integrated into the preceding context (e.g., Brown and Hagoort, 1993; Holcomb, 1993; Van Berkum et al., 1999 , but see for example Kutas and Federmeier, 2000; Federmeier et al., 2006 for an alternative proposal).
In studies of spoken language comprehension that have used single word contexts, it has been well established that the N400 amplitude is modulated as a function of the associative or semantic relatedness of a preceding context word. A reduced N400 has been found as a function of priming by related words (Bentin et al., 1985; Hagoort et al., 1996; Holcomb, 1988; Holcomb and Neville, 1991) . Similarly, other studies have suggested that rhyme priming (shared word offsets) and alliterative priming (shared word onsets) also affect the amplitude of the N400, such that it is reduced to words (and in some cases non-words) that are preceded by a word that rhymes (e.g., Praamstra et al., 1994; Radeau et al., 1998; Rugg, 1985 Rugg, , 1987 or by a word that has the same onset as the critical word (e.g., O'Rourke and Holcomb, 2002; Praamstra et al., 1994) . This ERP effect began much earlier for alliterative priming (250-700 ms) than for rhyme priming (450-700 ms). Interestingly, Praamstra et al. (1994) observed electrophysio-logical and behavioral rhyme priming effects, but only electrophysiological alliterative priming effects.
Several ERP studies of spoken sentence comprehension have observed early effects of sentential context on spoken word recognition. These studies agree that this effect is most likely due to facilitation of lexical selection or integration processes, but they differ in their interpretation of whether the semantic context representation interacts with the activated form representations in terms of goodness-of-fit with phonology or semantics.
Connolly and Phillips (1994) manipulated semantic and phonological congruence of sentence final words in four conditions. For example: (1) High Cloze: at night the old woman locked her door (semantically and phonologically expected), (2) Low Cloze: they left the dirty dishes in the kitchen (semantically and phonologically less expected than the most expected ending: "sink"), (3) Phonologically Congruent: Phil put some drops in his icicles (semantically anomalous but phonologically congruent with most expected ending: "eyes"), (4) Anomalous: Joan fed her baby some warm nose (semantically and phonologically anomalous). An early negative shift (150-350 ms) was found in response to sentence final words that violated the expected word onset (conditions 2 and 4). This early negativity was absent in the waveforms of the most expected sentence final words (1) and to final words that started with the same phoneme as the most expected ending (3). Because the amplitude of this early negative shift varied as a function of the congruence of the word initial phoneme(s) with the contextually most expected word, Connolly and Phillips (1994) labeled this the phonological mismatch negativity or PMN. In a more recent study, they combined high density EEG and MEG to model the possible sources of the PMN and they concluded that it may have a left anterior source (Connolly et al., 2001 ). This finding was further bolstered with the results of an fMRI study (D'Arcy et al., 2004) . However, their findings in the EEG/MEG and fMRI studies were in word priming paradigms and not sentence contexts.
Other studies have also reported an early negativity preceding the N400 (Hagoort and Brown, 2000; Van den Brink et al., 2001; Van den Brink and Hagoort, 2004) , but these studies differed in the interpretation of this ERP result from Connolly and Phillips (1994) . Van den Brink et al. (2001) replicated and extended the Connolly and Phillips (1994) study and also reported a biphasic ERP to the critical words that were semantically and/or phonologically incongruent with the most expected word. But because they also found an early negativity to words that were fully congruent with the preceding context, they argued that this effect cannot be attributed to phonological mismatch, but rather to the goodness-of-fit between the activated form candidates and the preceding context. They labeled this early effect the N200 rather than the PMN. In addition, they found that this N200 was more broadly distributed across anterior and posterior regions in contrast to the centro-parietally distributed N400. They concluded from these results that the N200 is separable from the N400 and that it reflects contextual influence on lexical selection in spoken word recognition. However, in a more recent study, Van den Brink and Hagoort (2004) did not replicate the differential topographic distribution of the early negativity, which led them to conclude that it may in fact not be separable from the N400. Van Petten et al. (1999) also found early effects of sentence context on spoken word recognition in a study in which they had identified the isolation point of the target stimuli. The authors predicted that the effects of the spoken sentence contexts should occur before the isolation point if semantic processing can begin on incomplete acoustic information. Their ERP results indeed supported this prediction. The authors argued that this early ERP effect was indistinguishable from the N400 1 because statistical analysis did not reveal a biphasic negativity and grand average waveforms did not show biphasic activity either. The authors acknowledge that, in theory, either phonological expectation or semantic expectation could have influenced the ERP waveforms in their study, but they argue that the bulk of previous studies have pointed to context supporting and generating semantic expectations rather than form-based phonological expectations.
The present study
In the present study, we further tested the existence of a separable electrophysiological correlate of the early influence of context on spoken word comprehension. Furthermore, we tested whether this component was sensitive to phonological mismatch per se or to more general lexical selection processes. This was examined in two types of context, words in lists and words in meaningful sentence contexts.
Instead of the traditional two-word priming paradigm that has been used in previous studies, the priming paradigm of this study was modified such that, instead of one prime word, there were seven prime words preceding the critical word. This was done because it enabled maximum separation of the effects of phonological and semantic priming on spoken word recognition and because it provided a better baseline for the comparison of these effects to the sentence conditions. Participants were asked to listen to word lists that consisted of either a series of eight semantically and associatively unrelated words that had identical initial phoneme (s) (Alliterative lists) or a series of words from the same semantic category that started with different phonemes (Category lists). For examples, see Table 1 . The congruency of the terminal word of each type of list was manipulated. In the Alliterative lists, the terminal word was either phonologically congruent or incongruent with respect to the word onset of the preceding words. Importantly, in both congruent and incongruent Alliterative lists, none of the words was semantically or associatively related to one another. This allowed for the assessment of the effects of phonological mismatch per se, without the influence from semantic expectancy. In the Category lists, the terminal word was either semantically congruent or incongruent with respect to the semantic category of the preceding words. Critically in both the congruent and incongruent word lists there was no alliterative overlap in word onsets. In the Category lists, participants could build up an expectation that the final word would be part of a semantic category, but many candidates could fit this final word of the category, i.e., the expectancy for one particular word was very low. Therefore, no effects of phonological mismatch between the contextually most expected word and the actual presented word are expected to occur in the Category lists. Instead, we predicted that the ERP results comparing congruent and incongruent conditions should reflect the semantic match or mismatch with the preceding context.
In addition, participants listened to four types of sentences in which semantic and phonological congruency of the terminal word was manipulated. The final word of the sentences could be (1) High Congruent: semantically and phonologically congruent with the most expected ending 2 , (2) Phonologically Congruent: semantically incongruent but phonologically congruent with the most expected ending, (3) Low Congruent: semantically and phonologically congruent with a less expected ending and (4) Incongruent: semantically and phonologically incongruent. See Table 2 for examples of sentence stimuli.
The EEG was recorded from an array of 59 electrodes distributed over the scalp (see Fig. 1 ). This electrode density allowed us to test for possible dissociations in topographic distributions of the N400 from an early negative shift that may reflect the influence of context on spoken word processing. Differences in topographic distribution of the N400 from an early negativity 1 Of relevance in the comparison between these three ERP studies of spoken word processing in sentences is the cloze probability of the critical words in the sentences. In the study by Connolly and Phillips (1994) , the stimuli were adapted from Bloom and Fischler (1980) , but cloze values were not reported. In Van den Brink et al. (2001) , the cloze probability for the congruent endings was 84%, and in the Van Petten et al. (1999) study, it was 58%. 2 Terminal word expectation was determined via cloze ratings.
would be consistent with the idea that these components were generated from (partially) nonoverlapping neuronal sources (e.g., Rugg and Coles, 1995) and would support separability of the N400 from an early negative component.
In the word list conditions, we predicted differential ERP effects of phonological context for the Alliterative lists but not for the Category lists. This effect may have the early onset that has been reported in previous studies of alliterative priming (e.g., Praamstra et al., 1994) . The topographic distribution of this effect is crucial in identifying if this phonological ERP effect is separable from the N400. In contrast, we predicted differential effects of semantic context for the Category lists but not for the Alliterative lists. We predicted this effect to emerge as a classic N400 with a posterior scalp distribution (e.g., Hillyard, 1980, 1982) .
Typical N400 semantic congruency effects were also predicted in the sentence conditions: relative to the Incongruent, Phonologically Congruent and Low Congruent conditions, we should expect a reduction of the N400 in the High Congruent condition. In addition, we expected to replicate the finding of an early negative shift that has been reported in other studies of spoken word processing in sentence contexts (e.g., Phillips, 1994, Van Petten et al., 1999; Van den Brink et al., 2001) . Our aim was to identify if this early negative shift can indeed be differentiated from the N400 in terms of its topographic distribution. In conjunction with this, we aimed to determine if this early negative shift is sensitive to phonological mismatch, or, alternatively, to semantic goodness-of-fit. This was done by comparing the topographic distribution of the early ERPs in the sentence conditions to those in words lists.
Results
Repeated measures analyses of variance (ANOVAs) were performed on the mean amplitude of the ERPs to the terminal words of lists and sentences in two time windows: An early time window (200-300 ms) to capture a possible early negative effect (i.e., PMN (Connolly and Phillips, 1994) , N200 (Van den Brink et al., 2001) or early N400 (Van Petten et al., 1999; Van den Brink and Hagoort, 2004) ) and a late time window (300-600 ms) to capture the N400 effect. Time windows were selected on the basis of previous literature and careful visual inspection of the grand average waveforms. Separate overall ANOVAs were conducted for the lists and the sentences: an overall region analyses and a midline analyses. The overall region analyses, for both lists and sentences, included the factors: Hemisphere (left, right), Region (frontal, central, parietal and occipital) and Electrode (5 levels). In the midline analyses, the factor Electrode (8 levels) was included. In addition, both the overall and the midline list analyses included the factors: List Type (Alliterative, Category) and Condition (Incongruent, Congruent), and the sentence analyses included the factor Sentence Type (High Congruent, Phonologically Congruent, Low Congruent and Incongruent). Fig. 1 shows the regions for statistical analyses.
Follow up overall analyses were done for separate regions (frontal, central, parietal and occipital) for the lists and sentences, respectively. In addition to these overall analyses, planned pairwise comparisons were performed for the Alliterative and the Category lists separately. For the sentence experiment, three a priori pairwise comparisons were conducted using ANOVAs with a 2 level congruency factor to compare High Congruent with Incongruent, Phonologically Congruent and Low Congruent, respectively. Greenhouse-Geisser corrected p values will be reported for analyses with more than one degree of freedom in the numerator. The results of the ANOVAs for the overall region and midline analyses are presented in Table  3 , for the overall analyses over individual regions in Table 4 , for the pairwise overall and midline analyses for the Alliterative and Category lists in Table 5 and for the pairwise comparisons over the individual regions for the Alliterative and the Category lists in Table 6 .
List analyses
In comparison to Congruent, Alliterative endings, waveforms to Incongruent, Alliterative endings became more negative over the occipital region of the scalp in the 200-300 ms epoch. In the Category lists, the waveforms of Incongruent and Congruent endings did not diverge during this time window. This pattern was evident from the results of the following analyses: in the overall analyses over individual regions (Table 4) , we found a marginal interaction of List Type by Condition in the occipital region; the overall pairwise comparisons (Table 5) for the Alliterative lists showed a significant interaction of Condition by Electrode and marginally significant interactions of Condition by Region and Condition by Region by Electrode in the region analyses and a significant Condition by Electrode interaction in the midline analyses, but no significant effects were obtained for the Category lists; the pairwise comparisons of the individual regions (Table 6 ) for the Alliterative Lists showed a significant interaction of Condition by Electrode for the parietal region and a significant main effect and interaction with Electrode in the occipital region. Again, in this time window, no significant effects were obtained for the Category Lists. In summary, in this early time window, a dissociation was found for the results of the Alliterative and Category lists. An effect of phonological mismatch was observed in the form of an early negative shift that was maximal over the occipital region. In contrast, effects of category violation did not result in significant ERP differences.
In contrast in the N400 time window (300-600 ms), a typical N400 effect that was maximal over centro-parietal sites was obtained for the Category lists. But for the Alliterative lists, a larger negative shift was obtained to the congruent endings over frontal sites, and no N400 effect was found. This pattern was evident from the following results: the overall region analyses (Table 3) showed a significant interaction of List Type by Condition and significant interactions of List Type, Condition and Region, List Type, Condition and Electrode and List Type, Condition, Region and Electrode, and the overall midline analyses showed significant interactions between List Type and Condition, and List Type, Condition and Electrode; the overall analyses for the separate regions (Table 4 ) showed significant interactions of List Type and Condition and List Type, Condition and Electrode in frontal, central and parietal regions, and for the frontal region a three-way interaction between List Type, Condition and Electrode was observed as well; in the separate overall region analyses (Table 5) of the Alliterative lists, there was a significant interaction of Condition by Region and the overall midline analyses showed a significant interaction of Condition by Electrode, and for the Category lists, there was a main effect of Condition, and interactions of Condition and Region, Condition and Electrode, and Condition, Region and Electrode; for the Alliterative lists, the analysis of the individual regions (Table 6 ) only revealed a significant effect of Condition and a significant interaction between Condition and Electrode in the frontal region, but for the Category Lists, significant effects of Condition and an interaction of Condition by Electrode were found in frontal, central and parietal regions. In all three regions, the incongruent endings were more negative in relation to the congruent endings, and this effect was maximal over central and parietal electrode sites, which is typical of the N400.
In summary, a typical N400 effect was found in the Category lists but not in the Alliterative lists. In contrast, in the Alliterative lists, a frontal negativity was observed to congruent endings. Table 7 , for the overall analyses over individual regions in Table 8, for the pairwise overall and midline comparisons in Table 9 and for the pairwise comparisons over the individual regions in Table 10 .
Sentence analyses
In the early time window from 200 to 300 ms, a widely distributed negative shift is seen to the final words in the Incongruent condition. A small non-differential negative shift is also visible for the High Congruent, the Phonologically Congruent and the Low Congruent conditions, but only over frontal and central electrode sites. This pattern was evident from the following results of the statistical analyses: the overall region analysis (Table 7 ) revealed a main effect of Condition and interactions of Condition and Electrode, and Condition, Hemisphere, Region and Electrode, and the overall midline analysis (Table 7) also showed a main effect of Condition; overall analyses for each of the individual regions (Table 8 ) only showed a significant interaction of Condition, Hemisphere and Electrode for the frontal region, and for the central region a main effect of Condition and an interaction of Condition by Electrode were found; the three overall a priori pairwise comparisons (Table 9 ) only resulted in significant differences between High Congruent and Incongruent conditions, i.e., main effects of Condition in the region and midline analyses and interactions of Condition and Electrode, Condition, Region and Electrode, and Condition, Hemisphere, Region and Electrode in the region analyses; the pairwise comparisons over the individual regions (Table 10 ) only revealed significant differences in the comparison of Incongruent and High Congruent endings in the form of a main effect of Condition in central and parietal Regions, and a significant interaction of Condition, Hemisphere and Electrode in the frontal region. In summary, only the Incongruent Condition differed from the High Congruent Condition in this early time window. This effect was maximal over centroparietal electrode sites.
In the 300-600 ms, N400 time window, relative to the High Congruent conditions, all the other conditions show a more negative shift that has the classic posterior N400 distribution. This was evident from the following results of the statistical analyses: in the overall region and midline analyses (Table 7) , main effects of Condition and significant interactions of Condition and Electrode were obtained, and in the Region analyses significant interactions were also found for Condition and Region, Condition, Hemisphere and Electrode, Condition, Region and Electrode, and Condition, Hemisphere, Electrode and Region; the overall analyses of each of the individual regions (Table 8 ) revealed a main effect of Condition and an interaction of Condition and Electrode for all four regions, and a Condition, Hemisphere and Electrode interaction in the frontal and occipital regions; the overall a priori pairwise comparisons for the region and midline analyses (Table 9) In summary, as expected, the N400 effects were maximal when the sentence final words were anomalous with respect to their preceding context (i.e., in the Incongruent and Phonologically Congruent Conditions), but a significant N400 effect was also found when the sentence final word was semantically congruent but less expected (Low Congruent condition). These N400 effects were maximal over centroparietal sites, as is typical for this ERP.
Discussion
This study investigated the electrophysiological signature of the early influence of context on word processing in spoken language comprehension. The phonological and semantic congruency of critical words was manipulated in two types of contexts: lists of words and sentences.
The word list manipulation was designed to maximally separate phonological and semantic constraints. In the word lists, phonologically incongruent list final words elicited an early negative ERP (200-300 ms) that was maximal over occipital leads. In addition, in the 300-600 ms time window, a negative shift was also obtained that was maximal over frontal leads, but now to the phonologically congruent list final words. However, no N400 effect (300-600 ms) was found, indicating that the phonological congruence of the critical words did not have a differential effect on the semantic processing of the spoken words.
Interestingly, there was a complete dissociation of the pattern of results for the Category lists from that of the Alliterative lists. For the Category lists, a robust N400 effect was obtained with the classic posterior distribution in the 300-600 ms time window, but there was no early negative effect (200-300 ms). The frontal negativity that was found for phonologically congruent words in the Alliterative lists was also not obtained for the Category lists.
For the sentence stimuli, consistent with findings of Van den Brink et al. (2001 , an early negative ERP was observed in all conditions, but there was only a significant reduction of this ERP to critical words that were High Congruent relative to those that were Incongruent. Final words that had the same onset as the most expected word but that were semantically anomalous (i.e., the Phonologically Congruent condition) did not differ from the congruent final words. The difference between congruent and incongruent final words in this early time window was obtained over central and posterior regions and was marginal (p = .055) in the occipital region. In the later time window (300-600 ms), results were consistent with previous N400 results. The N400 elicited in the High Congruent condition was significantly smaller in amplitude than the N400s obtained in all other sentence conditions. The largest reduction was seen when comparing the High Congruent and Phonologically Congruent and Incongruent conditions. A smaller reduction was seen when comparing the High Congruent condition to the Low Congruent condition.
Spoken word recognition in lists
Alliterative priming in the word lists resulted in early and late effects on spoken word recognition. The early effect obtained here resembles the ERP effect that was found in previous studies that have primed word onsets (e.g., Praamstra et al., 1994) . Praamstra et al. (1994) suggested that this early effect could be due to activation of shared phonological segments in the prime and target pairs or alternatively to a process whereby a congruency check is performed on the phonological overlap of primes and targets. This latter interpretation is consistent with findings of behavioral studies that only showed alliterative priming when phonological aspects of word processing are strategically important to subjects (e.g., Goldinger et al., 1992) . In the present study, even though there was no task that made it strategically important for participants to generate an expectancy of the list final word, the construction of the Alliterative lists could have led participants to expect words that would be phonologically consistent or not with the preceding prime words. Taken together, the presence of an early ERP in the Alliterative lists of this study is consistent with the idea that that early ERP effects of phonological mismatch can be obtained as a function of priming of word onsets.
The early negativity that was found in the Alliterative list manipulation of the present study is similar in latency to another well-established ERP component, the mismatch negativity (MMN). The MMN has been found in response to tasks that require processing of language sounds, usually vowels. However, we do not believe that the early negativity reported here is the MMN. First, the MMN has been studied extensively and typically has a frontal distribution. Consistent with this distribution, the neuronal source of the MMN has been localized to auditory cortex (Diesch et al., 1998; Naatanen, 2001; Rinne et al., 1999) . The early negativity in our study has a focal posterior distribution. This is inconsistent with both the scalp distribution of the MMN and Heschl's gyrus as the sole source of this component. Second, the MMN typically has an earlier onset than the negativities seen in the present study (100-150 ms vs. 200-300 ms). Third, the MMN is not normally elicited in experimental tasks that require natural speech processing or that use whole words as stimuli. Typically, the MMN is elicited by oddball paradigms which require participants to detect infrequent stimuli. In studies that have elicited the MMN in response to speech, stimuli are typically vowel sounds that do not match other stimuli in a stream of stimuli.
It is also not likely that the early ERP effect that was obtained in the Alliterative lists can be attributed to an artifact inherent to the presentation of lists of words. If this were the case, one would expect the ERP effect to be present in all list conditions. If this ERP effect was due to the violation of a general expectancy, we would have observed the effect to any incongruent stimulus regardless of whether it was presented in an Alliterative or Category list.
The absence of an early occipital ERP effect in the Category lists is difficult to reconcile with the idea that this ERP that was obtained to phonological incongruency in the Alliterative lists is sensitive to the process of lexical selection per se. In the Category lists, the context constrained the semantic category of the final word, but it did not strongly constrain the actual lexical candidate. Therefore, if the early negative shift is indeed sensitive to the influence of context on the lexical selection process, then an early negativity should have occurred for both the contextually appropriate and the contextually inappropriate list final words, possibly reduced in the semantically congruent condition.
Even though there was no early negativity present to the critical words in the Category lists of this study, the waveforms in Fig. 2 do reveal a biphasic morphology in the later time window (300-600 ms). This is especially the case over posterior and central leads, and more pronounced for the category incongruent condition. This biphasic morphology resembled what has been found in auditory sentence studies (e.g., Connolly and Phillips, 1994; Van den Brink et al., 2001 ; see also Camblin et al., 2006) and discourse studies (e.g., Van Berkum et al., 2003) and may reflect processes of lexical selection (earlier shift) and semantic matching (later shift). Relative to spoken word recognition in sentences, lexical selection may have been postponed because participants were now engaged in list like processing, which is likely much more slow and strategic than real-time spoken sentence comprehension. However, it appears that early and later negative shifts in the 300-600 ms window had similar topographic distributions, and both may well be part of the well-established N400 effect.
For the phonologically congruent final words in the Alliterative lists, a larger frontally distributed negative shift was obtained than for incongruent final words in the 300-600 ms latency. This is not the typical N400 effect both in terms of topographic distribution and in terms of the direction of the effect, i.e., a larger negative shift to phonologically congruent words. But this finding might fit with models of spoken word recognition such as the cohort model. As was discussed before, models of spoken language comprehension assume that, as soon as the initial phoneme of the speech input is heard, several lexical items that match this phoneme become activated. As more of the speech signal becomes available, lexical selection processes zoom in on the lexical candidate that actually matches the speech input. At the same time, all lexical candidates that do not fit the input may be inhibited. In the alliterative condition, this might mean that the representation of the final congruent word is inhibited by the repeated previous presentations of the same initial phonemes. If this frontal negativity to the consistent final words in the alliterative lists indeed reflects this form of inhibition, then we would predict that such a finding would not be obtained in rhyming conditions. Previous studies with two word rhyme pairs have indeed not obtained this frontal negativity (e.g., Praamstra et al., 1994) . However, future studies will have to determine the precise nature of this effect.
The presence of an early 200-300 ms ERP effect in the Alliterative list manipulation and the absence of this effect in the Category list manipulation is consistent with an explanation in terms of phonological expectancy. If strong phonological constraints are violated, such as in the phonological incongruent condition of the Alliterative lists, then an early negative shift is obtained. Conversely, when phonological constraints are met (Alliterative congruent final words) or when no phonological expectancy can be generated as in the congruent and incongruent conditions of the Category lists, then no early effect emerged. This effect appears therefore highly sensitive to manipulations of phonological constraints per se and is probably sensitive to phonological mismatch.
Spoken word recognition in sentences
In the sentence experiment, consistent with previous findings (Connolly and Phillips, 1994; Van den Brink et al., 2001; Van den Brink and Hagoort, 2004; Van Petten et al., 1999) , an early negative shift (200-300 ms) was observed in all conditions, but there was only a significant difference in this shift when comparing the Incongruent to the High Congruent condition. This effect was obtained over central and posterior regions but did not reach significance over the occipital region. This is in sharp contrast to the effect of phonological mismatch in the Alliterative lists, which was only significant over electrode leads in the occipital region. The distribution of the early negative ERP effect in the sentence manipulation is however consistent with that of the N400. Therefore, we conclude with Van Petten et al. (1999) and Van den Brink and Hagoort (2004) that this ERP most likely reflects an early onset of the N400 effect. This then indicates that the N400 is sensitive to very early effects of contextual constraint on spoken word comprehension.
This interpretation is not consistent with Connolly and Phillips (1994) , who used the same sentence manipulations of phonological and semantic (in)congruency as in the present study but concluded that the early negative shift they obtained in their study was separable from the N400, and sensitive to phonological mismatch (PMN), because the amplitude of this early negative shift varied as a function of the congruence of the word initial phoneme(s) with the contextually most expected word. However, in their 1994 study, the ERPs were obtained from 5 electrodes, and the authors were therefore not able to identify if the topographic distribution of the early negative shift was different from that of the N400, something that was clearly established in the present study. More recent studies of Connolly and colleagues (Connolly et al., 2001; D'Arcy et al., 2004) with high density ERP/MEG and fMRI have modeled a possible left anterior source of the PMN. However, in these studies, word priming paradigms were used instead of sentence contexts, and as has been shown in the present study, these two types of contexts may have differential effects on processing.
In addition, on the basis of a sentence design alone, it is very difficult to determine whether an early negative ERP effect would be sensitive to phonological mismatch per se or to initial semantic goodness-of-fit as has been proposed by Van den Brink et al. (2001 . For example, in the comparisons between Phonologically Congruent and Congruent conditions ("He mailed the letter without a sta…"), the semantic goodness of fit between stamp (congruent ending) and stance (phonologically congruent ending) is initially identical. Therefore, the same prediction of a reduction of the early shift would be made on the basis of phonological congruence and semantic goodness-of-fit. However, with the results of the alliterative lists in the present study, it is now possible to determine that the occipital distribution of the phonological mismatch effect is not what is found for the early negative shift in the sentences, and the combined pattern of results is more consistent with the idea that the early shift in the sentence conditions reflects semantic goodness-of-fit.
As in the studies of Van den Brink et al. (2001 and Van Petten et al. (1999) , our findings show that this early negative shift is most likely not distinct from the N400 effect, and this indicates that the N400 is sensitive to early effects of context on lexical selection and integration processes.
Comparison of spoken word recognition in sentences and lists
Comparing results obtained in the word list and the sentence contexts, clearly consistent results were obtained with respect to the N400. Both in list of words and in sentence contexts, the N400 was reduced to words that could be easily matched or integrated with the preceding context. However, separable early effects were obtained in the list and sentence contexts. That is, evidence of the effects of phonological congruence was obtained in the alliterative lists, but not in the sentence conditions. This divergence of results between the list and sentential conditions is likely attributable to differential processing demands across these conditions. In the list conditions, the stimuli were deliberately constructed such that a strong emphasis was placed on phonological processing in the Alliterative lists and on semantic processing in the Category lists. In addition, participants were likely engaged in single word processing that did not facilitate the integration of lexical items into a higher order representation of the context. In contrast, in the sentence manipulation, as in normal sentential processing, the goal of the comprehender is to rapidly integrate individual lexical items into a higher order representation of the preceding context. In fact, many recent ERP studies have found evidence for the idea that processes that operate in the service of creating a coherent higher order representation of the sentence or discourse context have at least as great an effect on the processing of a given word as do more lexically specific processes (e.g., Camblin et al., 2006; Swaab et al., 2004; in press(a); Ledoux et al., in press(b) ; Van Berkum et al., 1999 Van den Brink et al., 2006) . In the present study, in the sentence condition, the lexical selection process was influenced less by the phonological onset of words as present in the speech input. In other words, whereas in the list conditions participants may have been driven to process phonological and semantic aspects of the input more separately, these features were immediately integrated in the sentence conditions. It is possible that, under normal circumstances, such as in the sentential conditions, that either (1) the processing of phonological aspects of stimuli does not have a central role in comprehension or (2) that, once initial phonological processing has occurred, other levels of analysis, such as semantic and contextual processing, begin to take on immediate importance. Either of these interpretations would lead to conditions that are not optimal for the expression of a component that is solely sensitive to phonological processing, unlike what is seen in the Alliterative list conditions. We therefore suggest that, during sentential processing, there is no separate early negativity but that the N400 is sensitive to very early influences of context on lexical selection in spoken language comprehension.
In conclusion, a separable ERP component sensitive to phonological processing was elicited under certain specific experimental conditions. However, during normal sentential processing, waveform patterns reflected goodness-of-fit between the semantic features of the lexical candidates activated by the phonological input and the previous semantic context. This may be due to a differential role phonological processing has in the activation of lexical candidates when a larger semantic context is absent or present, as in the list and sentence manipulations. This indicates that, although phonological processing is an integral aspect of spoken language comprehension, semantic and contextual information very rapidly influences the processing of words in meaningful contexts.
Experimental procedures

Subjects
Twenty-four, right-handed native English speakers participated in this experiment (17 women, mean age = 21.6, range = 19-28). Handedness was determined via an abridged version of the Edinburgh Handedness Inventory (Oldfield, 1971) . Subjects participated in this experiment for research credit or payment. Participants had no history of psychiatric or neurological disorders, and they reported normal hearing and normal or corrected to normal vision. Informed consent was obtained from all participants.
Materials
The stimulus materials consisted of lists of words in four conditions and sentences in four conditions. See Tables 1 and 2 for examples. Each condition contained 40 items. Each word list consisted of eight words presented auditorily (ISI = 30 ms). In the Alliterative lists, the first seven words on average shared the same initial two phonemes, and the onset of the final word was either Congruent or Incongruent with the onset of the seven words that preceded it. None of the words in any of the Alliterative word lists was semantically or associatively related to any of the other words in that list (this was verified with the Edinburgh Word Association Thesaurus (EAT); http://www.eat.rl.ac.uk/).
In the Category lists, the final word was either semantically Congruent or Incongruent with the semantic category of the seven words that preceded it. Between each word of a list, there were no (strong) associations, and the penultimate word was never associated to the final (critical) word of the list (also verified using the EAT). This was done to maximize conceptual priming and limit spread of activation at the form level alone (e.g., Hagoort et al., 1996) . Furthermore, by avoiding associations, there is no clear best completion to these lists, other than that it should be a member of the same semantic category, and many items could fit. This was done to minimize phonological expectancy. Moreover, none of the words in Category lists shared the same initial phoneme with any other word of that Category list, which further minimized phonological expectancy. Information about category membership was taken from previous norms of category membership (Battig and Montague, 1969; Hunt and Hodge, 1971 ).
Sentences were presented at normal speaking rates and sentence final words were (1) semantically and phonologically congruent with the most expected ending (High Congruent), (2) semantically incongruent but phonologically congruent (Phonologically Congruent), (3) semantically and phonologically congruent with a less expected ending (Low Congruent) and (4) semantically incongruent and phonologically incongruent (Incongruent). In the Phonologically Congruent Condition, phoneme overlap between the most expected congruent ending averaged 2.4 phonemes. The sentences and cloze probability ratings used in the sentence condition were taken from previously published lists of materials (Bloom and Fischler, 1980; Schwanenflugel, 1986) . See Table 2 for examples.
All the materials were spoken by an experienced female speaker and recorded in a sound attenuating booth on a DAT recorder (Sony model TCD-D8). Each word in the alliterative and category lists was read separately and in random order and later spliced together with an ISI of 30 ms. The same physical tokens were used for the seven context words that preceded the incongruent or congruent final words in the alliterative lists, and the same physical tokens were used for the congruent and incongruent conditions in the category lists. For the alliterative lists, in cases where there were two possible pronunciations of a word (e.g., address), care was taken to ensure that the particular pronunciation incorporated into the list was identical to the other words of the list. In addition, in almost all cases, we made sure that the stress pattern of the eight words that constituted a list was the same (i.e., the words had initial stress).
The sentences were spoken with normal intonation and at a normal speaking rate. In the anomalous, the low cloze and the phonologically incongruent conditions, no specific voice changes marked the sentence-final word as anomalous. Furthermore, sentences were spoken four times, once for each possible ending type, to eliminate the need for splicing and to preserve coarticulation. No additional artificial pause was inserted prior to the terminal word in any of the conditions. The inter-trial interval (ITI) between items in all list and sentence conditions was 3 s.
Visual and auditory inspection was used to determine the onset of the critical final words with a speech waveform editing system (Cool Edit Pro). The information of the onset of the critical words was later used in the Presentation software (http://www.neurobehavioralsystems.com) to send out a code with the continuously recorded EEG for later off-line averaging to the onset of the critical words.
Word length, frequency, concreteness and duration of all terminal words were controlled. In no case did any of these variables differ significantly across conditions (Word Lists: length, F (3, 316)=0.817, p=0.485; frequency, F(3, 313)=0.763, p=0.515; concreteness, F(3, 313)=8.23, p=0.482; and duration, F(3, 316)=1.51, p=0.211; Sentences: length, F(3, 636)=0.647, p=0.585; frequency, F(3, 636)=0.625, p=0.599; concreteness, F(3, 636)=2.02, p=0.11; and duration F (3, 636)=1.8, p=0.14) . The average cloze probability for High Congruent endings was 0.71. The average cloze probability for Low Congruent endings was 0.048. All the corresponding means can be viewed in Table 11 .
Procedure
Participants were individually tested in a dimly lit, sound attenuating booth, seated in a comfortable chair. They were instructed to fixate on a cross, visible on a computer screen in front of them, and asked to move as little as possible during the experiment. Additionally, participants were instructed to blink only between trials in order to minimize eye blink artifacts in the EEG. The task was to listen attentively to the stimuli. Word lists and sentences were presented in a randomized, counterbalanced, blocked design, so that subjects only heard word lists or sentences within a block. The stimuli were presented via a computer through Sennheiser HD 265 linear closed-ear headphones. Participants were interrupted at random intervals and asked to recall the terminal word of the last stimulus. The purpose of the secondary task was to provide a break for participants and to ensure that they listened for comprehension.
EEG recording
The electroencephalogram (EEG) was continuously recorded from 59 tin electrodes in a custom elastic cap (Electrocap International Incorporated). Electrode placement was in part based on the 10-20 system with additional electrode sites interspersed to provide an even distribution across the scalp (Jasper, 1958) . The position of the electrodes is displayed in Fig. 1 . Electrode positions that do not correspond to positions according to the 10-20 system have an additional letter to indicate their position relative to the nearest 10-20 locations (for example, Ozi is inferior to Oz; C1p is posterior to C1; P3a is anterior to P3; T3-5i is inferior to a position midway between T3 and T5). Horizontal eye movements were monitored via a bipolar pair of electrodes placed at the external canthus of each eye. Vertical eye movements were monitored via bipolar pairs of electrodes, placed below each eye and with the two lowest frontal electrodes on the cap (Fp1m and Fp2m in Fig. 1 ). The right mastoid electrode was used as the recording reference electrode. The left mastoid was also recorded for later off-line algebraic rereferencing.
The EEG signal was amplified with band pass cutoffs at .01 and 30 Hz and digitized on-line at a sampling rate of 250 Hz. EEG was recorded on a computer along with accompanying stimulus codes used for subsequent averaging. Impedances were kept below 5 kΩ.
EEG data analysis
Trials that contained artifacts due to movements, eye blinks, saccades, drifting or amplifier blocking were not included in the analyses. On average, 10% of trials (i.e., 4 trials) were rejected in each condition. Artifact-free trials were averaged and time-locked to the onset of the word, with an averaging epoch of 200 ms pre-stimulus and 1000 ms of post-stimulus activity.
Spherical spline interpolated topographic voltage maps (Perrin et al., 1989) of the difference waves were derived for time windows of interest to provide a qualitative visualization of the scalp distribution of major ERP effects identified in the data. Grand average ERPs to the final words in the phonologically congruent and incongruent conditions for the Alliterative lists (left panel) and to the semantically congruent and incongruent conditions in the Category lists (right panel). In this figure (and in Fig. 4 ), selected electrode sites over midline frontal (Fzp), central (Cz) and occipital (Ozs) leads are displayed. Solid lines depict incongruent and dotted lines congruent conditions. Negative potentials are plotted upwards, and each hash mark represents 100 ms. The effects of phonological mismatch can be found for the Alliterative lists only, on occipital leads in an early time window and on frontal leads in a late time window. For the Category lists, a typical N400 effect can be seen. Topographic distribution of the ERP effects for the Alliterative (left panel) and Category (right panel) lists in the 200-300 ms (top part) and 300-600 ms (bottom part) epochs. Pink colors indicate the negative maximum of the effects, red colors a positive maximum. The 200-300 ms epoch shows an occipital ERP effect of phonological incongruency that is not found in the category lists, and in the 300-600 ms time window, a frontal ERP effect of phonological incongruency is observed in the alliterative but not in the category lists. The category list shows the typical N400 effect with a centro-parietal maximum, which is not found in the alliterative lists. Table 5 Word lists pairwise comparisons: overall region and midline analyses Table 6 Word lists pairwise comparisons: individual regions Sentences pair wise comparisons: overall region and midline analysis 
